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Synthesis of polyfunctional heterocyclic fused ring systems
with low molecular weight is important in life science indus-
tries (Joule and Mills, 2000; Collins, 2002). Pentaﬂuoropyri-
dine has attracted considerable interest due to its synthetic
utility. Various multi-functional pyridine derivatives and con-
struction of new heterocyclic and macrocyclic systems can be
accessed from simple reaction conditions (Benmansour et al.,
2001; Barone et al., 2005; Sandford et al., 2005; Hargreaves
et al., 2007; Chambers et al., 2001, 2003, 2005, 2002). These
include reaction of various bifunctional nucleophiles withpentaﬂuoropyridine. All ﬁve ﬂuorine atoms in pentaﬂuoropyridine
may be substituted by an appropriate nucleophile due to its
highly electron efﬁcient aromatic ring system. The site-reactiv-
ity order of pentaﬂuoropyridine is well known (Chambers and
Sargent, 1981; Brooke, 1997; Guilford et al., 2001); the order
of activation toward nucleophilic attack follows the sequence
4-ﬂuorine > 2-ﬂuorine > 3-ﬂuorine. Reactions of pentaﬂu-
oropyridine with various nucleophiles are summarized and
discussed in detail (Amii and Uneyama, 2009).
In recent years, we and others have described synthesis of
some bipyridyl bridged compounds (Ranjbar-Karimi et al.,
2011a, b), macrocycles (Sandford, 2003) and ring-fused systems
(Barone et al., 2005; Sandford et al., 2005; Hargreaves et al.,
2007; Ranjbar-Karimi et al., 2011a, b; Sandford, 2003;
Ranjbar-Karimi et al., 2012; Ranjbar-Karimi and Mousavi,
2010) from reaction of pentaﬂuoropyridine and derivatives with
some appropriate nucleophiles and binucleophiles (N, O, S
nucleophiles) for example Sandford et al. reported synthesis of
some dipyridoimidazole and imidazopyridine derivatives from
highly ﬂuorinated pyridine systems, 2-aminopyridine deriva-
tives, and amidines respectively (Cartwright et al., 2007, 2010).tetraﬂu-
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Synthesis of some ﬂuorinated thiazolopyridine 3Previously we reported the use of ultrasound irradiation for
reaction of pentaﬂuoropyridine with mono- and bidentate N-Please cite this article in press as: Ranjbar-Karimi, R. et al., Synthesis of some ﬂuor
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nitrogen nucleophiles.N
F
F
F
F
N
N
N
H
NH2
H2N
N
F
F
F
F
SNAr N
N
N
N N
F
F
F
F F
F
NH
HN
1a 2f
FF
F
FH
N
N
N
N N
F
F
F
F F
F
NH
H2N
F
F
3i
Scheme 1 Mechanism for the formation of 3i.
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Scheme 2 Reaction of pentaﬂuoropyridine with sodium
phenylsulﬁnate.2. Results and discussion
Firstly, the reaction of pentaﬂuoropyridine 1a with thiourea 2a
in the presence of sodium carbonate in DMSO solvent gave
4,6,7-triﬂuorothiazolo[4,5-c]pyridine-2-amine 3a, arising from
the substitution of the most activated ﬂuorine atom at the 4-
position of the pyridine ring followed by intramolecular ring
closure at the geometrically accessible 3-position (Table 1,
entry 1). A trace amount of non-cyclized product 3b was
obtained reﬂecting the lower reactivity of 3 or 5-position which
allows intramolecular substitution to compete effectively with
the intramolecular cyclization process. Puriﬁcation of 3a and
3b was achieved by column chromatography. Identiﬁcation
of 3a was done by 19F NMR analysis, in which the resonance
attributed to ﬂuorines located ortho to ring nitrogen has a
chemical shift of 91.6 ppm and 134.8 ppm similar to the
shift observed for the 3c, 3d. The corresponding resonance
for F-7 in 3a occurs at 148.7 ppm similar to the analogous
system 3c, 3d. The 13C NMR spectrum of compound 3a
showed 6 distinct resonances in agreement with the
proposed structure. The reaction of 1a with N-phen-
ylhydrazinecarbothioamide 2b bearing two nucleophilic sites
gave 3c as the only product, arising from initial attack of sulfur
nucleophile at the 4-position of the pyridine ring and subse-
quent cyclization (Table 1, entry 2). Identiﬁcation of 3c was
done from 19F NMR analysis in which the resonance attrib-
uted to ﬂuorine atoms located at the ortho positions of the
nitrogen ring had a chemical shift of 95.9 and 134.7 ppm.
The corresponding resonance for F-7 in 3c occurs at
154.0 ppm. The 1H NMR spectra of compound 3c consisted
of a 2-H broad signal at d= 5.08 ppm for NH2 groups. The
protons of the phenyl ring, were observed at d= 7.51–
7.55 ppm. By a similar procedure, 1a reacted with ethane-
bis(thioamide) 2d to give the corresponding bis-thiazolo pyri-
dine system 3f. Also, we examined the reaction of
pentaﬂuoropyridine 1a with unsymmetrical bidentate nitrogen
nucleophiles such as 1H-benzo[d]imidazol-2-amine 2e in the
presence of sodium carbonate in CH3CN solvent, that gave
N,1-bis(perﬂuoropyridine-4-yl)-1H-benzo[d]imidazol-2-amine
3g (major product), arising from an initial attack from endocy-
clic nitrogen of 2e to ﬂuorine atom attached to 4-position of
the pyridine ring, then exocyclic nitrogen (amine group) attack
to 4-position of the other pyridine ring. A small amount of
product 3h was obtained from attack of endocyclic nitrogen
2e to ﬂuorine atom at 4-position of the pyridine ring. Puriﬁca-
tion of 3g and 3h was achieved by column chromatography.
Identiﬁcation of 3g was done by 19F NMR analysis, in which
the resonance attributed to ﬂuorines located at the ortho to
ring nitrogen has a chemical shift of 85.7 ppm and
91.9 ppm similar to the shift observed for the 3i. The corre-
sponding resonance for ﬂuorines located meta to ring nitrogen
in 3g occured at 141.3 and 153.2 ppm similar to the analo-
gous system (Ranjbar-Karimi et al., 2011b). The structure of
3h determined by 19F NMR spectroscopy, showed two reso-
nances at 86.6, 141.1 ppm. Other spectroscopic techniques
were consistent with the structures proposed. By similar proce-
dures compound 3i was obtained from reaction of 1H-1,2,4-Please cite this article in press as: Ranjbar-Karimi, R. et al., Synthesis of some ﬂuor
oropyridine. Arabian Journal of Chemistry (2015), http://dx.doi.org/10.1016/j.arabjtriazole-3,5-diamine 2f with 1a. Mechanism for process that
leads to 3i is shown in Scheme 1.
In order for further development, we studied reactions of 4-
phenylsulfonyl tetraﬂuoropyridine 1b, bearing phenylsulfonyl
functionality at the 4-positions, with appropriate difunctional
N and S nucleophiles and unsymmetrical bidentate N nucleo-
philes (Table 1, entry 7–13).
Reaction of pentaﬂuoropyridine 1a with sodium phenyl-
sulﬁnate led to 4-phenylsulfonyl tetraﬂuoropyridine 1b follow-
ing the literature procedure (Scheme 2) (Banks et al., 1967).
The phenylsulfonyl group is a strong electron withdrawing
group that helps to maintain the reactivity of pyridine ring
toward further nucleophilic substitution processes. This allows
annulation and further functionalization to proceed. Annula-
tion processes involving the reaction of 4-phenylsulfonyl tetra-
ﬂuoropyridine with difunctional N, S nucleophiles and
bidentate N nucleophiles in the presence of sodium carbonate
were studied. Bidentate N, S nucleophiles and bidentate N
nucleophiles reacted efﬁciently with 4-phenylsulfonyl tetraﬂu-
oropyridine to give ring-fused cyclic systems by substitution
at the 2-position of the pyridine ring followed by intramolecu-
lar ring closure at the geometrically accessible 3-position.
The reaction of 4-phenylsulfonyl tetraﬂuoropyridine 1b
with thiourea 2a bears two nucleophilic sites, after reﬂuxing
in H2O, gave 5,6-diﬂuoro-7-(phenylsulfonyl)thiazolo[5,4-
b]pyridine-2-amine 3j, arising from the initial attack of sulfur
nucleophile at the 2-position of the pyridine ring and subse-
quent cyclization, respectively. By similar procedures the
related 1,3-dimethylthiourea 2c gave analogous product 3k
and also N-carbamothioylacetamide 2h, 1-methylthiourea 2i,
thiosemicarbazide 2j gave analogous products 3l, 3m, 3n,
respectively (Table 1, entry 7–11). The reaction of 1b with
ethanebis (thioamide) 2d and 1H-1,2,4-triazole-3,5-diamine 2f
(Table 1, entry 12, 13) bearing four nucleophilic sites gave
3o, 3p as the only product, arising from initial attack of nucle-inated thiazolopyridine from pentaﬂuoropyridine and 4-phenylsulfonyl tetraﬂu-
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N
F
F
F
F
PhO2S
N
N
N
H
NH2
H2N
N
H
N
N
F
F
PhO2S N
N
N
N
SO2Ph
F
F
NF
F
F
F
SO2Ph
SNAr
N
N
NH
N
N
F
F
PhO2S
F
F SO2Ph
F
F
NH
HN
N
H
N
N
F
F
PhO2S
H
N
N
N
H
N
SO2Ph
F
F
3p
1b 2f
-H
Scheme 3 Mechanism for the formation of 3p.
Synthesis of some ﬂuorinated thiazolopyridine 5ophile at the 2-position of the two pyridine rings and subse-
quent cyclization. Puriﬁcation of 3j–3p was achieved by col-
umn chromatography on silica gel. Identiﬁcation of 3j–3p
was done by 19F NMR analysis, in which the resonance attrib-
uted to ﬂuorine located ortho to ring nitrogen had a chemical
shift in the range of 82.4 to 92.4 ppm, similar to the shift
observed for the 3a. The corresponding resonance for the ﬂuo-
rine located meta to ring nitrogen occured at the range of
137.4 to 147.5 ppm similar to the analogous system
(Cartwright et al., 2007, 2010).
A mechanism for process that leads to 3p is shown in
Scheme 3. The ﬁrst nucleophilic substitution occurs at the 2-
position of the two pyridine rings by endocyclic nitrogen nucle-
ophile site followed by intramolecular ring closure at the geo-
metrically accessible 3-position of the two pyridine rings
(exocyclic nitrogen nucleophiles).
The regioselectivity of nucleophilic substitution in this pro-
cess may be explained by the activating inﬂuence of pyridine
ring nitrogen that signiﬁcantly activates the ortho and para
sites to itself.
3. Conclusion
In conclusion, we showed that pentaﬂuoropyridine and 4-
phenylsulfonyl tetraﬂuoropyridine can successfully react with
a variety of difunctional N, S-nucleophiles and unsymmetrical
bidentate N-nucleophiles. The regioselectivity of nucleophilic
substitution in this process may be explained by the high nucle-
ophilicity of sulfur over nitrogen, the high nucleophilicity of
the endocyclic nitrogen and also, by the activating inﬂuence
of pyridine ring nitrogen that signiﬁcantly activates the ortho
and para sites to itself. In most of these reactions, the products
obtained of a tandem SNAr and cyclization process and ring-
fused scaffolds were synthesized.
4. Experimental
All materials and solvents were purchased from Merck and
were used without any additional puriﬁcation. The melting
points of the products were determined in open capillary tubes
using BAMSTEAB Electrothermal apparatus model 9002. The
1H NMR spectra were recorded at 300 MHz. The 13C NMR
spectra were recorded at 75 MHz. The 19F NMR spectra were
recorded at 282 MHz. In the 19F NMR spectra, up ﬁeld shifts
were quoted as negative and referenced to CFCl3. MassPlease cite this article in press as: Ranjbar-Karimi, R. et al., Synthesis of some ﬂuor
oropyridine. Arabian Journal of Chemistry (2015), http://dx.doi.org/10.1016/j.arabjspectra were taken by a Micro mass Platform II: EI mode
(70 eV). The elemental analysis for C, H and N was performed
using apparatus model CE-450 analyzer. Column chromatog-
raphy was performed using silica (Merck #60). Silica plates
(Merck) were used for TLC analysis.
5. General procedure for reaction of 1 with various bidentate
nucleophiles 2
Sodium carbonate (2 mmol) was added to the mixture of nucle-
ophile 2 (1 mmol) in appropriate solvent. Then 1 (1 mmol) was
added and the mixture was stirred and heated or reﬂuxed for
appropriate amount of time. After completion of the reaction
(indicated by TLC), the reaction mixture was cooled to room
temperature and water (10 mL) was added to the reaction mix-
ture. The reaction mixture was extracted with dichloromethane
or chloroform (2 · 20 mL) and ethyl acetate (2 · 20 mL). The
combined organic extracts were dried (MgSO4). The mixture
was ﬁltered, volatiles evaporated and the residue puriﬁed by
recrystallization or column chromatography on silica gel.
5.1. 4,6,7-triﬂuorothiazolo[4,5-c]pyridine-2-amine 3a
Sodium carbonate (0.063 g, 2 mmol), thiourea 2a (0.045 g,
1 mmol), pentaﬂuoropyridine 1a (0.108 g, 1 mmol) and DMSO
(5 mL) after stirring and heating at 130 C for 48 h and column
chromatography on silica gel using ethyl acetate/n-hexane
(1:20) as the eluent, gave 4,6,7-triﬂuorothiazolo[4,5-c]pyri-
dine-2-amine 3a (major product) and perﬂuoropyridine-4-yl
carbamimidothioate 3b, 3a: 0.073 g (43%), white solid mp:
120–123 C; dF (DMSO-d6) 91.60 (m, 1F, F-6), 134.81
(m, 1F, F-4), 148.72 (m, 1F, F-7) ppm. dC 124.34, 140.85,
141.57, 142.92, 143.12, 143.55; MS (EI), m/z (%) = 205
(M+, 85), 188, 185, 130, 73; Anal. Calcd for C6H2N3F3S: C,
35.13; H, 0.98; N; 20.48; Found: C, 35.02; H, 0.89; N,
20.40%. 3b: (trace), dF 91.35 (m, 2F, F-2,6), 134.88 (m,
2F, F-3,5) ppm. dH 2.51 (s, 2H, NH2), 2.98 (s, 1H, NH) ppm.
5.2. 4,6,7-triﬂuoro-2-hydrazono-3-phenyl-2,3-
dihydrothiazolo[4,5-c]pyridine 3c
Sodium carbonate (0.063 g, 2 mmol), N-phen-
ylhydrazinecarbothioamide 2b (0.098 g, 1 mmol), pentaﬂuoro-
pyridine 1a (0.108 g, 1 mmol) and DMSO (5 mL) after stirring
and heating at 130 C for 48 h and column chromatographyinated thiazolopyridine from pentaﬂuoropyridine and 4-phenylsulfonyl tetraﬂu-
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gave the product 4,6,7-triﬂuoro-2-hydrazono-3-phenyl-2,
3-dihydrothiazolo[4,5-c]pyridine 3c, 0.04 g (23%), white solid
mp: 100–102 C; dF (DMSO-d6) 95.93 (m, 1F, F-6), 134.70
(t, 1F, 4JFF = 19.55 Hz, F-4), 154.03 (m, 1F, F-7) ppm. dH
5.08 (br s, 2H, NH2), 7.51 (d, 2H,
3JHH = 7.2 Hz, ArAHortho),
7.53 (d, 1H, 3JHH = 6.4 Hz, ArAHpara), 7.55 (t, 2H,
3JHH = 6.9 Hz, ArAHmeta) ppm. MS (EI), m/z (%) = 396
(M+, 100), 280, 267, 218, 165, 130, 77, 30; Anal. Calcd for
C12H7N4F3S: C, 48.65; H, 2.38; N, 18.91; Found: C, 48.52; H,
2.25; N, 18.81%.
5.3. N-(4,6,7-triﬂuoro-3-methylthiazolo[4,5-c]pyridine-2(3H)-
ylidene)methanamine 3d
Sodium carbonate (0.063 g, 2 mmol), 1,3-dimethylthiourea 2c
(0.062 g, 1 mmol), pentaﬂuoropyridine 1a (0.108 g, 1 mmol)
and DMSO (5 mL) after stirring and heating at 130 C for
48 h and column chromatography on silica gel using ethyl ace-
tate as the eluent, gave N-(4,6,7-triﬂuoro-3-methylthiazolo[4,5-
c]pyridine-2(3H)-ylidene)methanamine 3d (major product) and
2,3,6-triﬂuoropyridine-4-yl N,N0-dimethylcarbamimidothioate
3e, 3d: 0.03 g (16%), white solid; mp: 120–125 C; dF
(DMSO-d6) 94.11 (dd, 1F, 3JFF = 25.38 Hz, 4JFF = 29.32
Hz, F-6), 135.82 (dd, 1F, 4JFF = 29.32 Hz, 5JFF = 9.10 Hz,
F-4), 157.5 (dd, 1F, 3JFF = 25.38 Hz, 5JFF = 9.10 Hz, F-7)
ppm. dH 2.69 (s, 3H, CH3), 3.56 (s, 3H, CH3) ppm. MS (EI),
m/z (%) = 233 (M+, 80), 218, 202, 160, 130, 102, 72; Anal.
Calcd for C8H6N3F3S: C, 41.20; H, 2.59; N; 18.02; Found:
C, 41.13; H, 2.50; N, 17.84%. 3e: (trace), dF 91.64 (m, 2F,
F-2,6), 136.70 (m, 2F, F-3,5) ppm.
5.4. Perﬂuoro-2,20-bithiazolo[4,5-c]pyridine 3f
Sodium carbonate (0.063 g, 2 mmol), ethanebis(thioamide) 2d
(0.020 g, 0.5 mmol), pentaﬂuoropyridine 1a (0.108 g, 1 mmol)
and DMSO (5 mL)) after stirring and heating at 130 C for
38 h and column chromatography on silica gel using ethyl
acetate/n-hexane (1:5) as the eluent, gave the product perﬂu-
oro-2,20-bithiazolo[4,5-c]pyridine 3f, 0.03 g (26%), solid; mp:
236–238 C. dF (DMSO-d6) 67.18 (m, 2F, F-6), 83.12 (d,
2F, 4JFF = 29.32 Hz, F-4), 117.76 (m, 2F, F-7) ppm. MS
(EI), m/z (%) = 377 (M+, 90), 214, 188, 162, 158, 148, 130,
27; Anal. Calcd for C12N4F6S2: C, 38.10; N; 14.81; Found:
C, 38.21; N, 14.73%.
5.5. N,1-bis(perﬂuoropyridine-4-yl)-1H-benzo[d]imidazol-2-
amine 3g, 1-(perﬂuoropyridine-4-yl)-1H-benzo[d]imidazol-2-
amine 3h
Sodium carbonate (0.1 g, 3 mmol), 1H-benzo[d]imidazol-2-
amine 2e (0.08 g, 0.7 mmol), pentaﬂuoropyridine 1a (0.1 g,
0.6 mmol) and CH3CN (15 mL) under reﬂux conditions
for 8 h gave the product that was puriﬁed by column chroma-
tography on silica gel using ethyl acetate/n-hexane (1:5) as the
eluent afford N,1-bis(perﬂuoropyridine-4-yl)-1H-benzo[d]imi-
dazol-2-amine 3g, 0.112 g (40%), mp: 176–180 C; dF
(DMSO-d6) 85.21 (m, 2F, F-2,6), 91.03 (m, 2F, F-20,60),
141.20 (m, 2F, F-3, 5), 153.04 (m, 2F, F-30,50) ppm. dH
1.51 (br-s, 1H, NH), 6.90 (t, 2H, 3J= 2.0 Hz, ArAH), 7.33
(dd, 2H, 3J= 2.8, 3.2 Hz, ArAH) ppm. dC 109.91, 125.20,Please cite this article in press as: Ranjbar-Karimi, R. et al., Synthesis of some ﬂuor
oropyridine. Arabian Journal of Chemistry (2015), http://dx.doi.org/10.1016/j.arabj129.32, 137.41, 142.92, 188.71 ppm. and 1-(perﬂuoropyridine-
4-yl)-1H-benzo[d]imidazol-2-amine 3h 0.078 g (21%), mp
195–199 C; dF (DMSO-d6) 86.21 (m, 2F, F-2,6), 141.40
(m, 2F, F-3,5) ppm. dH 2.65 (br-s, 2H, NH2), 6.81 (dd, 2H,
J= 1.60, 2.30 Hz, ArAH), 7.14 (dd, 2H, J= 3.15, 4.45 Hz,
ArAH) ppm. dC 108.90, 120.73, 130.64, 131.66, 139.63,
144.51, 148.04 ppm.
5.6. 5-imino-1,4-bis(perﬂuoropyridine-4-yl)-4,5-dihydro-1H-
1,2,4-triazol-3-amine 3i
Sodium carbonate (0.2 g, 6 mmol), 1H-1,2,4-triazole-3,5-dia-
mine 2f (0.09 g, 1 mmol), pentaﬂuoropyridine 1a (0.16 g,
1 mmol) in CH3CN (10 mL) under reﬂux conditions for 8 h
gave the product that was puriﬁed by column chromatography
on silica gel using ethyl acetate/n-hexane (1:6) as the eluent
afford 5-imino-1,4-bis(perﬂuoropyridine-4-yl)-4,5-dihydro-
1H-1,2,4-triazol-3-amine 3i, 0.053 g (13%), white solid mp:
222–226 C; dF (DMSO-d6) 85.34 (m, 2F, F-2,6), 91.74
(m, 2F, F-20,60), 141.80 (m, 2F, F-3,5), 153.76 (m, 2F, F-30,50)
ppm. dH 1.43 (br-s, 2H, NH2), 2.62 (br-s, 1H, NH) ppm.
5.7. 5,6-diﬂuoro-7-(phenylsulfonyl)thiazolo[5,4-b]pyridine-2-
amine 3j
Sodium carbonate (0.063 g, 2 mmol), thiourea 2a (0.013 g,
1 mmol), 4-phenylsulfonyl tetraﬂuoropyridine 1b (0.10 g,
1 mmol) and H2O (5 mL) under reﬂux conditions for 15 h gave
the product that was puriﬁed by column chromatography on
silica gel using ethyl acetate as the eluent gave 5,6-diﬂuoro-7-
(phenylsulfonyl)thiazolo[5,4-b]pyridine-2-amine 3j, 0.07 g
(45%), white solid mp: 160–162 C. dF (DMSO-d6) 86.16
(m, 1F, F-5), 137.45 (m, 1F, F-6) ppm. dC 128.20, 128.50,
129.00, 129.51, 129.90, 134.85, 135.65, 139.29, 140.23, 160.93.
MS (EI), m/z (%) = 327 (M+, 80), 284, 185, 144, 141, 58,
42, 43; Anal. Calcd for C12H7N3F2O2S2: C, 44.03; H, 2.16;
N; 12.84; Found: C, 44.14; H, 2.10; N, 12.71%.
5.8. N-(5,6-diﬂuoro-1-methyl-7-(phenylsulfonyl)thiazolo[5,4-
b]pyridine-2(1H)-ylidene)methanamine 3k
Sodium carbonate (0.063 g, 2 mmol), 1,3-dimethylthiourea 2c
(0.036 g, 1 mmol), 4-phenylsulfonyl tetraﬂuoropyridine 1b
(0.10 g, 1 mmol) and DMSO (2 mL) after stirring and heating
at 130 C for 20 h gave the product that was puriﬁed by col-
umn chromatography on silica gel using ethyl acetate as the
eluent gave N-(5,6-diﬂuoro-1-methyl-7-(phenylsulfonyl)thiaz-
olo[5,4-b]pyridine-2(1H)-ylidene)methanamine 3k, 0.074 g
(45%), white solid; mp: 240–242 C. dF (DMSO-d6) 86.17
(m, 1F, F-5), 147.54 (m, 1F, F-6) ppm. MS (EI), m/z
(%) = 355 (M+, 90), 340, 282, 253, 214, 200, 141, 102, 72,
15; Anal. Calcd for C14H11N3F2O2S2: C, 47.32; H, 3.12; N;
11.82; Found: C, 47.25; H, 3.10; N, 11.76%.5.9. N-(5,6-diﬂuoro-7-(phenylsulfonyl)thiazolo[5,4-b]pyridine-
2-yl)acetamide 3l
Cesium carbonate (0.11 g, 2 mmol), N-carbamothioylaceta-
mide 2h (0.04 g, 1 mmol), 4-phenylsulfonyl tetraﬂuoropyridine
1b (0.10 g, 1 mmol) and DMSO (2 mL) after stirring andinated thiazolopyridine from pentaﬂuoropyridine and 4-phenylsulfonyl tetraﬂu-
c.2014.12.025
Synthesis of some ﬂuorinated thiazolopyridine 7heating at 130 C for 72 h gave the product that was puriﬁed
by column chromatography on silica gel using ethyl acetate
as the eluent gave N-(5,6-diﬂuoro-7-(phenylsulfonyl)thiazol-
o[5,4-b]pyridine-2-yl)acetamide 3l, 0.05 g (45%), white solid;
mp: 235–238 C. dF (DMSO-d6) 92.40 (m, 1F, F-5),
146.61 (m, 1F, F-6) ppm. MS (EI), m/z (%) = 369 (M+,
90), 325, 284, 228, 310, 184, 141, 43; Anal. Calcd for C14H9
N3F2O3S2: C, 45.52; H, 2.46; N; 11.38; Found: C, 45.43; H,
2.34; N, 11.30%.
5.10. 5,6-diﬂuoro-1-methyl-7-(phenylsulfonyl)thiazolo[5,4-
b]pyridine-2(1H)-imine 3m
Sodium carbonate (0.063 g, 2 mmol), 1-methylthiourea 2i
(0.03 g, 1 mmol), 4-phenylsulfonyl tetraﬂuoropyridine 1b
(0.10 g, 1 mmol) and DMSO (5 mL) after stirring and heating
at 130 C for 24 h gave the product that was puriﬁed by column
chromatography on silica gel using ethyl acetate as the
eluent gave 5,6-diﬂuoro-1-methyl-7-(phenylsulfonyl)thiazolo
[5,4-b]pyridine-2(1H)-imine 3m, 0.04 g (39%), white solid; mp:
105–107 C. dF (DMSO-d6) 82.96 (m, 1F, F-5), 148.86 (m,
1F, F-6) ppm. MS (EI), m/z (%) = 341 (M+, 75), 325, 284,
200, 185, 141, 56; Anal. Calcd for C13H9N3F2O2S2: C, 45.74;
H, 2.66; N; 12.31; Found: C, 45.62; H, 2.60; N, 12.30%.
5.11. 5,6-diﬂuoro-2-imino-7-(phenylsulfonyl)thiazolo[5,4-
b]pyridine-1(2H)-amine 3n
Sodium carbonate (0.063 g, 2 mmol), thiosemicarbazide 2j
(0.05 g, 1 mmol), 4-phenylsulfonyl tetraﬂuoropyridine 1b
(0.10 g, 1 mmol) and DMSO (5 mL) after stirring and heating
at 130 C for 24 h gave the product that was puriﬁed by col-
umn chromatography on silica gel using ethyl acetate as the
eluent gave 5,6-diﬂuoro-2-imino-7-(phenylsulfonyl)thiazol-
o[5,4-b]pyridine-1(2H)-amine 3n, 0.03 g (29%), solid; mp:
210–215 C. dF (DMSO-d6) 84.18 (d, 1F, 3JFF = 18.65 Hz,
F-5), 145.12 (d, 1F, 3JFF = 18.65 Hz, F-6) ppm. dH 0.85
(br, 1H, NH), 0.88 (t, 2H, NH2), 7.56–8.12 (m, 5H, ArAH)
ppm. MS (EI), m/z (%) = 342 (M+, 100), 325, 284, 201,
141, 58; Anal. Calcd for C12H8N4F2O2S2: C, 42.10; H, 2.36;
N; 16.37; Found: C, 42.00; H, 2.31; N, 16.23%.
5.12. 5,50,6,60-tetraﬂuoro-7,70-bis(phenylsulfonyl)-2,20-
bithiazolo[5,4-b]pyridine 3o
Sodium carbonate (0.063 g, 2 mmol), ethanebis (thioamide) 2d
(0.020 g, 0.5 mmol), 4-phenylsulfonyl tetraﬂuoropyridine 1b
(0.10 g, 1 mmol) and mixture silica gel-KF (small amount)
and CH3CN (20 mL) under reﬂux conditions under reﬂux con-
ditions for 48 h gave the product that was puriﬁed by column
chromatography on silica gel (ethyl acetate/n-hexane, 1:10)
gave 5,50,6,60-tetraﬂuoro-7,70-bis(phenylsulfonyl)-2,20-bithiaz-
olo[5,4-b]pyridine 3o, 0.081 g (43%), solid; mp: 270–275 C.
dF (DMSO-d6) 103.17 (m, 2F, F-5), 143.70 (m, 2F, F-6)
ppm. dH 7.31 (m, 4H, ArAHmeta), 7.46 (d, 2H,
3JHH = 7.30
Hz, ArAHpara), 7.72 (dd, 4H,
3JHH = 6.50 Hz,
4JHH = 1.20
Hz, ArAHortho) ppm. dC 123.96, 124.20, 125.47, 127.41,
127.51, 127.57, 127.65, 128.38, 128.77, 174.09 (C‚N). MS
(EI), m/z (%) = 622 (M+, 100), 480, 340, 310, 170, 141, 113,
58; Anal. Calcd for C24H10N4F4O4S4: C, 46.30; H, 1.62; N;
9.00; Found: C, 46.27; H, 1.46; N, 8.90%.Please cite this article in press as: Ranjbar-Karimi, R. et al., Synthesis of some ﬂuor
oropyridine. Arabian Journal of Chemistry (2015), http://dx.doi.org/10.1016/j.arabj5.13. Bis-4-phenylsulfonyl-2,3-diﬂuoro-pyridine-1H-1,3,3a,4,8-
pentaaza-cyclopenta[a] inden 3p
Potassium carbonate (0.13 g, 0.1 mmol), 1H-1,2,4-triazole-3,5-
diamine 2f (0.034 g, 0.4 mmol), 4-phenylsulfonyl tetraﬂuoro-
pyridine 1b (0.10 g, 1 mmol) in DMF (4 mL) after stirring
and heating at 120 C for 7 days gave the product that was
puriﬁed by column chromatography on silica gel using ethyl
acetate as the eluent gave bis-4-phenylsulfonyl-2,3-diﬂuoro-
pyridine-1H-1,3,3a,4,8-pentaaza-cyclopenta[a]inden 3p, 0.252
g (43%), decomposed at 300 C; dF (DMSO-d6) 81.35
(d, J= 19.7 Hz, 1F, F-2), 91.03 (m, 1F, F-20), 138.62
(m, Hz, 1F, F-3
0
), 155.62 (d, J= 19.7 Hz 1F, F-3) ppm.
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